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Abstract 

BACKGROUND:  By  the  principles  of  Tactical  Combat  Casualty  Care,  battlefield  casualties  are 
preferentially  triaged  on  the  basis  of  pulse  character  and  mental  status.  A  weak  or  absent  palpable  pulse 
correlates  with  a  systolic  blood  pressure  (SBP)  of  £100  mm  Hg.  Furthermore,  the  motor  component 
of  the  Glasgow  Coma  Scale  (GCS-M)  has  been  shown  to  correlate  with  outcomes.  In  a  previous  study, 
the  authors  developed  a  simple  triage  tool,  the  field  triage  score  (FTS),  on  the  basis  of  pulse  character 
and  GCS-M  status,  which  provided  a  quick  and  effective  means  of  predicting  injury  survival  in  the 
civilian  trauma  environment.  The  purpose  of  this  analysis  was  to  validate  the  predictive  utility  of  the 
FTS  in  the  battlefield  trauma  environment. 

METHODS:  The  Joint  Theater  Trauma  Registry  was  used  to  identify  4,988  battlefield  casualties  from 
Iraq  and  Afghanistan  from  January  2002  to  September  2008  with  requisite  admission  data  elements  of 
SBP,  GCS-M  status,  and  survival.  SBP  was  stratified  as  £100  mm  Hg,  consistent  with  weak  or  absent 
pulse  character,  or  >100  mm  Hg,  consistent  with  a  normal  pulse  character.  GCS-M  status  was  stratified 
as  either  abnormal  (<6)  or  normal  (6).  Casualties  with  presenting  SBPs  of  0  mm  Hg  were  excluded 
from  the  analysis.  As  in  the  civilian  trauma  triage  study,  the  FTS  was  derived  by  assigning  a  component 
value  of  0  for  weak  or  absent  pulse  or  abnormal  GCS-M  status  and  a  component  value  of  1  for  either 
a  normal  pulse  or  normal  GCS-M  status.  Adding  the  scores  resulted  in  an  aggregate  FTS  value  of  0, 
1,  or  2. 

RESULTS:  For  the  overall  population  of  4,988  casualties,  87.5%  (n  =  4,366)  had  FTS  of  2,  with 
overall  mortality  of  .1%  (5  of  4,366).  From  the  battlefield,  10.8%  of  patients  (n  =  540)  presenting  with 
FTS  of  1  had  a  mortality  rate  that  increased  to  6.1%  (33  of  540).  In  contrast,  combat  casualties 
presenting  with  FTS  of  0  had  a  significantly  higher  mortality  of  41.4%  (34  of  82).  The  calculated 
lengths  of  stay  were  6.1  (FTS  2),  9.2  (FTS  1),  and  17.7  (FTS  0)  days. 
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Many  trauma  triage  scores  have  been  proposed  over  the 
past  several  decades,  but  none  has  yet  emerged  as  a  gold 
standard.  Each  scoring  system  has  benefits,  and  each  has  lim¬ 
itations.  The  impetus  to  derive  an  appropriate  prehospital  scor¬ 
ing  system  is  based  on  the  premise  of  getting  a  patient  from  the 
point  of  injury  to  the  appropriate  level  of  care  while  minimiz¬ 
ing  overtriage  and  undertriage.  The  prehospital  triage  scores 
used  in  the  past  take  into  account  a  number  of  physiologic 
variables,  which  are  then  used  to  predict  outcomes.1-13  Most  of 
these  triage  tools  are  based  on  a  patient’s  physiologic  data, 
because  it  is  assumed  that  the  data  are  readily  obtainable  at  the 
site  of  injury  and  therefore  provide  a  possible  snapshot  of  the 
patient’s  stability.  The  absence  or  inability  to  obtain  physio¬ 
logic  measurements,  especially  in  a  mass  casualty  incident  or 
a  military  environment,  necessitates  that  prehospital  providers 
make  rapid  decisions  about  priority  of  care,  application  of 
interventions,  and  transport  destinations  on  the  basis  of  isolated 
physiologic  data  points  (eg,  arterial  pressure,  heart  rate,  and 
respiratory  rate)  without  the  benefit  of  observing  dynamic 
trends  inherent  to  trauma  physiology.  Realizing  these  limita¬ 
tions,  triage  protocols  have  been  developed  for  both  civilian 
mass  casualty  incidents14-16  and  for  combat  settings.17  The 
military  environment  is  often  characterized  by  lack  of  supplies 
and  equipment,  delayed  or  prolonged  evacuation  times  and 
distances,  devastating  injuries,  provider  inexperience,  and  dan¬ 
gerous  tactical  situations.1819  Recent  studies  have  determined 
that  some  physiologic  values  have  a  stronger  association  with 
an  increased  ability  to  predict  patient  mortality,  particularly  the 
motor  component  of  the  Glasgow  Coma  Scale  (GCS-M),  sys¬ 
tolic  blood  pressure  (SBP), 2,15,20-22  and  the  pulse  character  of 
the  radial  artery.20,23  One  study  demonstrated  that  a  weak 
radial  pulse  characteristic  was  correlated  with  SBP  approx¬ 
imately  <100  mm  Fig,  with  concomitant  mortality  of 
29%. 23  Seeking  to  provide  evidence  to  support  the  triage 
algorithm  on  the  basis  of  GCS-M  status  and  the  pulse 
character  of  the  radial  artery,17  18  in  a  prior  analysis  based 
on  a  retrospective  review  from  the  National  Trauma  Data 
Bank,  we  developed  the  field  triage  score  (FTS).  This  triage 
score  was  derived  from  SBP  <100  mm  Hg  as  a  surrogate 
for  pulse  character  and  GCS-M  status  and  correlated  signif¬ 
icantly  with  patient  mortality.  The  present  analysis  was 
performed  to  validate  the  FTS  in  a  battlefield  environment. 

Methods 

The  Joint  Theater  Trauma  Registry  was  used  to  identify 
4,992  battlefield  casualties  from  Iraq  and  Afghanistan  from 


January  2002  to  September  2008  with  requisite  admission 
data  elements  of  SBP,  GCS-M  status,  length  of  stay,  and 
survival.  SBP  was  measured  and  recorded  in  the  database 
and  subsequently  extrapolated  as  <  1 00  mm  Hg,  consistent 
with  weak  or  absent  pulse  character,  or  >100  mm  Hg, 
consistent  with  a  normal  pulse  character.  GCS-M  status  was 
stratified  as  either  abnormal  (<6)  or  normal  (6).  Casualties 
with  presenting  SBPs  of  0  mm  Hg  were  excluded  from  the 
analysis.  As  in  the  civilian  trauma  triage  study,  the  FTS  was 
derived  by  assigning  a  component  value  of  0  for  weak  or 
absent  pulse  or  abnormal  GCS-M  status  and  a  component 
value  of  1  for  either  a  normal  pulse  or  normal  GCS-M 
status.  Adding  the  scores  resulted  in  an  aggregate  FTS  value 
of  0,  1,  or  2.  An  FTS  was  assigned  to  each  record  with  valid 
GCS-M  status  and  SBP  in  the  Joint  Theater  Trauma  Reg¬ 
istry  for  analysis.  FTS  were  analyzed  for  mortality  and  length- 
of-stay  values  in  the  studied  population.  Statistical  analysis 
was  performed  on  the  comparison  between  score  outcomes 
using  SPSS  version  11.0  (SPSS,  Inc,  Chicago,  IF). 


Results 

For  the  overall  population  of  4,988  casualties,  87.5% 
(n  =  4,366)  had  FTS  of  2,  with  an  overall  mortality  of  .1% 
(5  of  4,366).  From  the  battlefield,  10.8%  of  patients  (n  = 
540)  presenting  with  FTS  of  1  had  a  mortality  rate  that 
increased  to  6.1%  (33  of  540).  In  contrast,  combat  casualties 
presenting  with  FTS  of  0  had  a  significantly  higher  mortal¬ 
ity  of  41.4%  (34  of  82)  ( P  <  .01;  Fig.  1).  The  calculated 
lengths  of  stay  were  6.1  ±  7.1  (FTS  2),  9.2  ±11.3  (FTS  1), 
and  17.7  ±  21.8  (FTS  0)  days  (Fig.  2),  with  a  significant 
difference  between  all  groups  ( P  <  .05). 
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Figure  1  Mortality  associated  with  the  combat  FTS  score.  P  < 
.05,  all  scores. 
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Figure  2  Length  of  stay  associated  with  the  combat  FTS.  P  < 
.01,  all  scores. 

Comments 

In  the  present  military  conflict,  there  is  an  overall  mor¬ 
tality  rate  of  8.8%  of  those  wounded.  Most  of  these  deaths 
(78%)  are  killed  in  action,  dying  on  the  battlefield  before 
medical  intervention  at  a  military  medical  treatment  facility. 
However,  there  is  a  subpopulation  (22%)  of  patients  who 
die  of  wounds  after  admission  to  hospital  facilities.  Of  those 
casualties  who  are  killed,  82%  have  massive  injuries  that  are 
inherently  not  survivable.  However,  there  is  a  group  (18%) 
that  has  potentially  survivable  injuries  and  may  benefit  from 
more  expeditious  evacuation  and  intervention.24  25  The  fo¬ 
cus  of  combat  casualty  care  research  is  identifying  those 
potentially  survivable  individuals  that  if  given  appropriate 
triage  and  care  would  potentially  survive. 

In  general,  for  a  triage  scoring  system  to  be  useful,  it 
must  meet  several  basic  criteria,  the  most  vital  of  which  is 
its  ability  to  correlate  with  meaningful  outcomes.  Com¬ 
monly  used  outcomes  in  the  trauma  literature  include  ven¬ 
tilator  days,  ICU  days,  total  hospital  days,  and  mortality. 
Historical  and  contemporary  literature  establishes  that  the 
revised  trauma  score  (RTS)  is  a  valid  predictor  of  mortality 
after  trauma.6'7  The  value  of  the  newly  developed  FTS  not 
only  has  equivalent  predictive  power  for  mortality  com¬ 
pared  with  the  RTS  but  also  its  ability  to  predict  nonmor¬ 
tality  outcomes.26  Another  key  asset  of  a  functional  scoring 
tool  is  “user  friendliness,”  in  that  it  must  be  practical  and 
relatively  simply  applied.  Common  uniform  disadvantages 
of  many  of  the  scoring  systems  include  analytic  complexity, 
thus  limiting  field  utility.  Another  relative  disadvantage  of 
many  of  these  triage  scores  is  their  reliance  on  physiologic 
monitoring  resources.  The  FTS  eliminates  many  of  these 
shortfalls  of  other  scoring  systems,  the  advantage  being  that 
FTS  requires  no  equipment  and  only  rudimentary  physical 
examination  skills  to  develop  the  score. 

This  study  is  retrospective  and  thus  has  several  limita¬ 
tions,  including  the  inherent  limitations  of  large  registries 
such  as  the  Joint  Theater  Trauma  Registry.  In  addition,  our 
current  analysis  was  performed  at  admission  instead  of  in 
the  prehospital  environment,  using  a  measured  SBP  <100 
mm  Hg  as  a  surrogate  for  abnormal  radial  pulse  character. 
The  reason  for  this  surrogate  analysis  is  that  the  field  cap¬ 
ture  of  point  of  wounding  data  is  extremely  low  because  of 


resources,  communications,  multitier  evacuation,and  oper¬ 
ational  constraints  imposed  by  the  hostile  combat  environ¬ 
ment. 

Despite  these  limitations,  the  proposed  FTS  provides  a 
simple  and  effective  tool  for  classification  of  patients  into 
categories  to  stratify  evacuation  and  acute  management, 
particularly  in  cases  of  multiple  simultaneous  patients. 


Conclusions 

Our  study  validates  the  FTS  as  a  valid  and  efficacious 
trauma  triage  scoring  system  with  the  potential  for  profound 
implications  in  the  prehospital  triage  of  the  combat  casualty. 
The  application  of  the  FTS  in  the  combat  environment  could 
provide  a  simple  and  effective  tool  for  classification  of 
patients  into  categories  for  patient  management  in  circum¬ 
stances  in  which  treatment  prioritization  requires  the  strat¬ 
ification  of  multiple  simultaneous  patients.  In  addition,  this 
technique  may  have  implications  for  domestic  or  foreign 
disaster  or  mass  casualty  situations  in  which  supplies,  med¬ 
ical  resources,  and  facilities  are  limited.  Prospective  valida¬ 
tion  of  this  technique  in  the  prehospital  environment  is 
warranted. 
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Discussion 

David  Plurad,  M.D.  (Los  Angeles,  CA):  I’d  like  to 
thank  the  Program  Committee  for  the  floor.  Further,  I  would 
like  to  take  this  opportunity  to  thank  Dr.  Eastridge  and  his 
coauthors  from  the  US  Army  for  their  continued  work.  I 
have  four  questions  for  the  authors:  First,  please  comment 
on  the  sensitivity  of  the  FTS,  particularly  the  use  of  blood 
pressure  as  a  surrogate  marker  for  pulse  character.  Second, 
how  many  casualties  in  the  JTTR  had  complete  requisite 
data  adequate  for  analysis?  Third,  what  is  the  quality  and 
where  do  the  data  arise  from  with  respect  to  the  prehospital 
environment?  And  lastly,  has  this  been  prospectively  eval¬ 
uated,  and  if  not,  do  you  plan  to  do  so? 

Brian  Eastridge,  M.D.  (Fort  Sam  Houston,  TX):  I 
would  like  to  thank  Dr.  Plurad  for  his  insightful  commen¬ 
tary.  With  respect  to  the  analysis  and  the  FTS  score,  there 
clearly  is  a  lack  of  sensitivity  like  all  other  scoring  systems 
particularly  when  you  are  using  fairly  rudimentary  variables 
in  your  analysis.  Getting  on  to  the  questions,  the  first  ques¬ 
tion  was  how  many  of  the  casualties  in  the  Joint  Theater 
Trauma  Registry  had  complete  requisite  data  for  this  anal¬ 
ysis.  It  was  about  one  third.  The  missing  element  that  was 
most  common  was  actually  the  GCS  motor  stratification  of 
the  GCS  score.  We  had  often  the  complete  GCS  score,  but 
didn’t  have  the  GCS  motor;  it  was  one  of  the  limitations. 


With  respect  to  the  second  question  on  where  did  the  data 
arise  from,  one  of  the  limitations  of  the  Joint  Theater 
Trauma  Registry  is  really  one  of  the  liabilities  of  the  bat¬ 
tlefield.  With  our  corpsmen  or  medics  in  the  field,  unlike  the 
EMTs  in  most  of  our  civilian  settings,  they  are  constantly  in 
a  dangerous  environment,  they  are  being  shot  at,  they  have 
to  maintain  an  offensive  posture,  meaning  shoot  back,  and 
at  the  same  time  try  and  take  care  of  casualties,  so  we  don't 
have  a  lot  of  what  we  call  Level  I  or  prehospital  data. 
Currently  we  estimate  that  approximately  5%  of  our  casu¬ 
alties  have  decent  pre-hospital  data.  There  has  been  a  big 
push  by  the  US  military  to  actually  improve  that  by  making 
use  of  technology.  Once  the  medics  get  back  to  their  for¬ 
ward  operating  base  we  encourage  the  medics  to  enter  that 
data  in  later.  Most  of  the  data  for  this  analysis  came  from 
Level  II  and  Level  III  facilities.  Level  II  facilities  for  those 
of  you  that  are  not  familiar  are  basically  the  forward  surgi¬ 
cal  facilities,  generally  10-20  person  surgical  contingents 
and  Level  III  are  the  big  combat  support  hospital  or  combat 
support  hospital  equivalents.  Question  3  -  Clearly  we  need 
to  prospectively  validate  this  measure.  We  would  like  to 
prospectively  validate  this  on  the  battlefield.  And  the  last 
question  with  respect  to  how  do  we  convince  our  medics 
and  corpsmen  that  this  is  the  right  thing  to  do.  Anybody  who 
has  ever  been  out  there  and  there  are  probably  many  out 
here  that  have  been  deployed,  it  is  very  difficult  to  give  up 
on  a  wounded  casualty  despite  the  gravity  of  their  condition, 
so  really  this  triage  score  is  not  meant  to  be  fielded  to  justify 
giving  up  on  their  wounded  friend,  but  really  gives  them 
some  idea  that  the  casualty  with  an  FTS  score  particularly  of 
0  so  the  abnormal  pulse  character  and  the  abnormal  GCS 
motor,  those  folks  require  generally  higher  acuity,  probably 
need  to  be  more  vigorously  and  expeditiously  evacuated. 

Ernest  Moore,  M.D.  (Denver,  CO):  I  have  never  been  in 
the  stressful  scenario  you  describe,  but  I  am  curious  how 
you  arrived  at  the  threshold  <100  mmHg.  As  you  know, 
most  of  us  believe  the  ATLS  propaganda  that  the  radial 
pulse  represents  80  mm  Hg  and  carotid  is  60  mmHg.  Con¬ 
sequently,  most  of  us  in  the  Trauma  Room  in  the  middle  of 
the  night  when  we  can’t  hear  the  nurses  and  feel  for  a  radial, 
then  femoral,  and  then  we  feel  for  a  carotid  as  we  do  a 
resuscitative  thoracotomy,  and  this  approach  seems  to  be  a 
pretty  reliable.  I  am  just  curious  why  the  100  and  did  you 
look  at  the  potential  use  of  the  carotid  and  femoral  as  well. 

Dr.  Brian  Eastridge:  That  is  a  great  question.  We  were 
striving  for  absolute  simplicity  in  our  model.  We  did  not  use 
the  carotid  and  femoral  because  our  thought  process  was 
that  then  the  sensitivity  may  lead  to  a  great  deal  of  under¬ 
triage.  The  level  that  we  use  of  a  100  is  probably  90-100  and 
was  validated  in  a  study  done  by  McManus  in  2003  where 
he  actually  looked  at  casualties  with  the  radial  pulse  char¬ 
acteristic  and  when  the  clinician  would  say  that  this  is 
clearly  diminished  pulse  character  and  it  was  right  around 
100  mmHg.  Although  subjective,  he  demonstrated  a  strong 
interrater  reliability  in  this  analysis. 


